Introduction
The pathogenetic role of traumatic rhabdomyolysis and myoglobinuria in acute renal failure due to crush injury was first recognized by Bywaters and Beall (1941) (Vertel and Knochel, 1967; Schrier, Henderson and Tischer, 1967; Jackson, 1970; Grossman et al., 1974; Koffler, Friedler and Massry, 1976; Singhal, Chugh and Gulati, 1978) . This study documents the presence of non-traumatic rhabdomyolysis in some of the hitherto unreported conditions and brings out the significant differences in the biochemical parameters of patients with myoglobinuric and nonmyoglobinuric renal failure.
Material and methods
Twenty-seven patients with established acute renal failure who were referred to the Artificial Kidney Unit of the Institute of Medical Education and Research, Chandigarh, for dialysis, were studied.
These included 17 patients in whom preliminary screening revealed positive evidence of myoglobinuria and 10 non-myoglobinuric patients, to serve as controls.
The diagnosis of acute renal failure was established on the basis of a history of oliguria/anuria of more than 48 hr in most patients, all of whom were in a previously healthy, progressive elevation of blood urea and serum creatinine, a urinary sodium concentration of more than 40 mmol/l of sodium and low urinary osmolality.
Specific investigations relevant to rhabdomyolysis included urinalysis for evidence of myoglobin (Glauser, Wagner and Glauser, 1972) (Grossman et al., 1974; Koffler et al., 1976) . Perhaps the condition is more common than has been recognized so far. The aetiological factors which have been reported as causing rhabdomyolysis and acute renal failure include crush injury (Bywaters and Beall, 1941) , severe muscular exertion (Jackson, 1970) , hyperpyrexia (Schrier, Henderson and Tischer, 1967) , carbon monoxide poisoning (Mautner, 1955) , electroshock therapy (Selzer, Reinhart and Deeney, 1963) , use of diamorphine (Klock and Sexton, 1973) , diabetic ketoacidosis (Grossman et al., 1974) , drugs coma (Penn, Rowland and Fraser, 1972) , viral myositis (Grossman et al., 1974) , convulsions (Hamilton et al., 1972; Singhal, Chugh and Gulati, 1978) and hypokalaemia (Van Horn, Drori and Schwartz, 1970) . In the present study acute renal failure associated with nontraumatic rhabdomyolysis was observed in patients with burns, eclampsia, prolonged labour, copper sulphate, mercuric chloride and zinc phosphide poisoning, convulsive seizures due to various causes, viral myositis and status asthmaticus. Traumatic rhabdomyolysis due to crush injury led to acute renal failure in one patient. Although over 500 patients with acute renal failure have been dialysed in this unit over a 13-year period including several cases with similar settings (Chugh et al., 1975 (Chugh et al., , 1976 (Chugh et al., , 1977a (Chugh et al., ,b, 1978 , the exact incidence cannot be assessed since the earlier cases were not investigated on these lines.
In the myoglobinuric group, 82-2% patients showed hypocalcaemia during the oliguric phase and hypercalcaemia was observed in 66.6% of the patients in this study during the diuretic phase. Hypocalcaemia during oliguric phase and hypercalcaemia during diuretic phase have been regarded as characteristic findings in patients with acute renal failure following rhabdomyolysis (Meroney 1957; Tavill et al., 1964; Segal, Miller and Moses, 1968; Grossman and Lange, 1968; Fortner, 1971) . The mechanism underlying these findings is not entirely clear. Hypocalcaemia has been attributed to release of phosphate compounds from damaged muscles into the extra-cellular fluid leading to hyperphosphataemia which in turn facilitates deposition of calcium phosphate in the damaged muscles. This latter has been demonstrated radiologically (Clark and Sumerling, 1966) as well as in the muscle biopsy tissue (Mautner, 1955; Grunfeld et al., 1972) . During the diuretic phase, excessive renal excretion of phosphate leads to liberation of previously deposited salts from the damaged muscles, thus inducing a phase of hypercalcaemia. In 2 reported cases (Leonard and Eichner, 1970; Wu et al., 1972) significant elevation of the parathyroid hormone levels were observed. However, the role of parathyroid hormone in the induction of hypercalcaemia has not been clearly defined and requires further studies.
Though hyperuricaemia was observed in all the 17 patients in the myoglobinuric group, markedly elevated levels which were out of proportion to the severity of the renal failure (>1.0 mmol/l) were recorded in only 3 patients. Knochel, Dotin and Hamburger (1974) have recorded over-production of uric acid associated with muscle injury following strenuous exercise in a hot environment. This is likely to be due to enhanced release of purine precursors into the circulation which in turn are metabolized to uric acid in the liver.
Hyperkalaemia in the early phase of renal failure is generally observed in patients who have a hypercatabolic state or rhabdomyolysis. In uncomplicated cases, hyperkalaemia usually occurs after prolonged oliguria. In a co-operative study, the rate of rise of serum potassium was found to be 0-25 mmol/l per 24 hr for all patients with acute failure versus 0.64 mmol/l for those who had sustained muscle injuries (Bluemle, Webster and Elkinton, 1959) . Rapid increments of the serum potassium in patients with rhabdomyolysis is possibly related to release of intracellular potassium into the extra-cellular fluid. However, no significant difference was observed in the serum potassium levels in the myoglobinuric compared to non-myoglobinuric patients in the present study.
Severe muscular exertion due to repeated convulsions, status asthmaticus and prolonged labour probably contributed to the development of rhabdomyolysis in 8 patients of the present series. Muscular exercise has been reported to be associated with increased activity of SGPT, SGOT, lactic acid dehydrogenase and creatine phosphokinase (CPK). Both in human subjects as well as in experimental animals, rises in the activity of these enzymes was higher following a given quantity of exercise in the unconditioned state than after training (Fowler et al., 1962; Garbus, Highman and Altland, 1964;  Fowler, Gardner and Kazerunian, 1968).
Myoglobinuria following acute copper intoxication has been reported earlier in one isolated instance (Klein, Metz and Price, 1972) . As the patient reported by these authors had remained in coma for a prolonged period, both coma and copper intoxication could have contributed to the development of rhabdomyolysis. Two patients with coppersulphate poisoning in the present study showed rhabdomyolysis. Muscle-cell injury and rhabdomyolysis in these 2 patients may have been due to the direct cytotoxic effect of copper.
Prolonged coma and immobilization in one position have been incriminated as important factors for the development of muscle cell injury . Myoglobinuria in this situation has been considered either due to direct compression of the muscle or partial occlusion of the regional vascular supply because of the weight of the body. Four of the present patients had remained comatosed for more than 48 hr. Coma is likely to have been the major contributory factor for induction of rhabdomyolysis in these cases.
Potassium deficiency has been reported to be associated with elevated activity of lactic dehydrogenase, SGOT and CPK, both in man (Craig and Jacobius, 1967; Van Horn et al., 1970) and in experimental animals (Knochel and Schlein, 1972) . Animals with advanced potassium deficiency have been observed to have a subnormal muscle membrane potential suggesting loss of integrity of the muscle cell membranes (Bilbrey, Carter and Knochel, 1973) . In the present series, severe hypokalaemia was considered to be a major contributory factor for massive muscle cell injury in one patient. This patient had developed a severe degree of hypokalaemia (1 5 mmol/l) owing to inappropriate use of chlorothiazide without adequate supplementation of potassium salts and because of the associated secondary hyperaldosteronism which is a well known feature of malignant hypertension.
The exact mechanism by which myoglobinuria induces acute renal failure is not well understood. The various postulated mechanisms include obstruction of the tubular lumina by myoglobin casts (Jaenike, 1976) , back diffusion of glomerular filtrate through breached tubular epithelium (Bank, Mutz and Aynedijian, 1967) and diminished glomerular filtration rate (Oken, Arce and Wilson, 1966) . Dehydration is known to facilitate the induction of acute renal failure in animal experiments (Oken, 1972) . A significant degree of dehydration could have played a contributory role in 10 patients in the present series. However, cases have been reported where acute renal failure developed in the absence of obvious dehydration (Grossman et al., 1974) .
The mortality amongst the myoglobinuric patients was 29-3%. The overall mortality amongst patients with acute renal failure due to all causes has been reported to vary from 40 to 60% (Leading Article, 1973; Chugh et al., 1978) . It has been reported to be significantly lower in patients of non-traumatic rhabdomyolysis (Grossman et al., 1974) and higher in patients with traumatic rhabdomyolysis and acute renal failure.
